Recently, significant numbers of instructors in higher education have employed the flipped classroom, or inverted classroom, pedagogy. Studies have found varying degrees of success of the flipped classroom in increasing student achievement. However, previous results from the author indicate that a significant time investment by the instructor is required to produce the required content for a flipped classroom. The Think-Pair-Share pedagogy is one of many active learning methods that have been shown to be successful in increasing student performance over non-active lectures. Furthermore, most teachers agree that incorporating Think-Pair-Share questions into their lectures does not require too much time reworking their notes. The goal of this research was to determine if student performance in thermodynamics on both computational and conceptual questions was increased when the flipped classroom model was used compared to students who were instructed using the Think-Pair-Share model. For this study in the Fall of 2013, two sections of thermodynamics at Trine University were taught by the same instructor using the same homework and exams. For the first section (N = 20) the students were instructed using the flipped classroom model. For the second section (N = 8) the students were instructed using the Think-Pair-Share model. While the relatively small number of students limits the statistical significance of this study, results indicate that there was no difference between the educational performance of these two groups on either computational or conceptual tasks as indicated by their exam scores. However, students in the flipped classroom did state that they enjoyed the flipped classroom model and wished that more faculty members used this method.
Introduction
The flipped classroom, or inverted classroom, pedagogy has been one of the most widely researched pedagogies in the last few years. A search in the ASEE paper database reveals hundreds of papers on the flipped classroom. Bishop and Verleger 1 provide a summary of some of the important results from the literature up to 2012. While many studies indicate that the flipped classroom model yields better students outcomes [2] [3] [4] [5] [6] other studies have noted that there is no improvement in student performance when the flipped model is used [7] [8] [9] [10] [11] . Although some of the studies that show a flipped classroom does not work suggest that the faculty member's implementation of the flipped classroom may be at fault and not the flipped pedagogy itself. Moreover, Redekopp and Ragusa provide evidence that the flipped classroom pedagogy does not improve lower-order learning outcomes, but it does improve higher-order learning outcomes. 12 The objective of this study is to determine if the flipped classroom pedagogy will improve student learning in thermodynamics at a small Midwestern university.
While there is some conflicting evidence regarding the efficacy of the flipped classroom it seems reasonable to place the flipped classroom pedagogy within the context of other active learning methods. Since it is well documented that active learning environments are better for student learning than traditional lectures, it was decided that student outcomes using the flipped classroom pedagogy would be compared to student outcomes from the Think-Pair-Share pedagogy 13, 14 . Think-Pair-Share 15-17 utilizes short questions interspersed throughout a lecture to Page 26.376.2 engage the students in the material being presented. First, the instructor asks a question, usually in multiple-choice form, and all of the students answer the question on their own. Second, students discuss their answers to the question with a peer. Finally, after the discussion, all of the students answer the question again. Often the students in the classroom converge on the correct response after discussing the question with their peers. 18 The Think-Pair-Share pedagogy was selected for comparison since implementing it in a class is fairly easy and did not require a significant redesign of the instructor's notes. Additionally, implementing the Think-Pair-Share method in thermodynamics was made even easier by the development of the AIChE Concept Warehouse, 19 which has hundreds of concept questions that instructors can use for free.
The driving motivation for this study is the comment from Bishop and Verleger that states, "We suggest that in order to ensure progress, future research on the flipped classroom should employ controlled studies that objectively examine student performance throughout a semester, with both traditional and concept-inventors style problems." 1 Therefore, this research study was constructed to satisfy this statement to the best of the author's ability.
Study Design
Two sections of thermodynamics were taught by the author during the same semester. Students in one section were taught using the flipped classroom pedagogy, while students in the second section were instructed using the Think-Pair-Share methodology. There were 20 students in the flipped section with class periods on Tuesdays and Thursdays from 11:00 am to 12:15 pm. Students in the flipped classroom watched several videos and answered several concept questions (usually four) before coming to class. Each video was between 3 and 35 minutes long. The length of the videos was selected such that an entire concept or example could be explained within a single video. Moreover, students were awarded points for answering the concept questions regardless of whether the answer was correct. During class time the students were free to work in groups on the homework problems and request assistance from the professor. Usually students only finished a fraction of the homework problems in class and were required to complete the rest of the assignment outside of class. Graded homework was collected daily.
The Think-Pair-Share section of thermodynamics had eight students and the class periods were on Mondays, Wednesdays, and Fridays from 12:00 to 12:50 pm. During the class, the author lectured in his normal style which includes fill-in-the-blank notes, however, approximately three concept questions, that the students answered using clickers, were added. The concept questions used during the Think-Pair-Share class were the same concept questions that the flipped classroom students were assigned to answer after watching the videos at home. Also, the lecture used the exact same instructor and student notes that were presented in the videos to the students in the flipped classroom section. Again, students were given points for participating in the ThinkPair-Share activity regardless of their answer. Moreover, the students in the Think-Pair-Share section were assigned the same homework problems as the students in the flipped classroom.
Exams were given during the evenings so that students from both sections of the class could take the exact same exam. Students had 90 minutes to complete the exam and no student commented in the course review that the exams could not be completed during the time given. A typical exam would consist of three tradition problems along with five concept-inventory style Page 26.376.3
problems. The two hour final exam was composed of five traditional problems and eight concept-inventory style problems. Four of the eight concept-inventory problems on the final had been on previous exams. The scores on the exams were the primary mechanism for evaluating the efficacy of the flipped classroom pedagogy over the Think-Pair-Share pedagogy.
Moreover, neither the author nor the students knew which pedagogy would be used before registering for the Fall 2013 classes. The author had previous experience with the flipped classroom and believes that it is important to have students in a classroom where they can gather in small groups around tables and collaborate. 20 Trine University has a Project-Based Learning (PBL) classroom that has movable tables so that students can more easily collaborate. This classroom is generally used by the School of Education, but can be used by other faculty subject to School of Education's approval. It was determined shortly before the start of classes that the PBL classroom would only be available for the author's use during the Tuesday/Thursday time slot. Therefore, this was the section that was assigned to the flipped classroom pedagogy. So it would appear that the thermodynamics section which was flipped had a larger number of students than the Think-Pair-Share section due to the way the class fit into the students' overall schedule.
Additionally, the schedule (TTh versus MWF) and the number of people in the classes (20 versus 8) are clear difference between the flipped classroom group and the Think-Pair-Share group. It is the author's opinion, though, that the number of students had no overall effect on student achievement in this case. This is based on anecdotal evidence from the author's own history having taught thermodynamics six times prior to this study. These six classes varied in size between 8 and 29 students and there seemed to be very little difference in the students' overall performance in these classes. The author has no experience concerning the effect of class schedule since the Fall of 2013 was the first time the author taught thermodynamics on a Tuesday/Thursday schedule. A cursory search of the ASEE conference proceedings found no information on this topic. Since almost every university in the country has classes on T/TH and MWF schedules it seems reasonable to assume that the professoriate as a whole does not perceive major differences between these two schedules, otherwise one of these schedules surely would have been eliminated. Finally, it is conceivable that the students in the Think-Pair-Share classroom also watched the videos that were posted for the flipped classroom, even though it would have required the students in the Think-Pair-Share classroom to obtain the videos from a student in the flipped classroom section. However, it seems unlikely that the students in the Think-Pair-Share class did this before lecture since it did not appear to the author that the students were more prepared for the lecture than previous classes. It might be more likely that the Think-Pair-Share students watched the videos before the exam. However, after inspecting the advanced statistics on the Vimeo website it appears that the lectures were only watched just before class time for the flipped classroom. So while it cannot be stated definitively that the Think-Pair-Share students did not watch the videos is seems somewhat unlikely.
Student Performance in the Flipped Classroom
All 28 students were men between the ages of 19 and 26, who are enrolled at Trine University full-time. Twenty-seven of the students would be labeled as traditional students. One student, the 26 year-old, was a veteran who was returning to school. However, even this student was a full time student who attended classes during the day and might be considered a traditional student by some. Additionally, 27 of the 28 students were US citizens with almost all of the US students hailing from Indiana, Illinois, and Ohio. Finally, 26 of the 28 students are Caucasian.
First, the author was interested to see if students would stop watching the videos before class as the semester progressed. As shown in Figure 1 , the total number of unique views of the lecture videos was recorded for several class periods during the first half of the semester. nd was the first class period that students were expected to watch videos. It is interesting to note that only 18 of the 20 students appeared to watch the videos associated with that lecture. However, upon further investigation it was learned that the other two students watched the lecture with a classmate. Since students did watch the videos in groups the absolute number of unique views may not be meaningful. However, the relative number of unique views is probably meaningful. There was a noticeable dip in the views in mid-September, but the number of unique views rebounded in October. Unfortunately, data regarding unique views were not collected after October 22 nd .
The average scores on the three semester exams as well as the Final Exam are shown in Figure 2 for both the Think-Pair-Share section and the flipped classroom section. The bars indicate one standard deviation in the students' exam grades. Additionally, the average number of concept questions that were answered correctly in each section is shown in Figure 3 . Again, the bars indicate one standard deviation in the students' grade. Recall that five concept-inventory style questions were asked on Exams 1, 2 and 3, but eight concept-inventory type questions were asked on the Final Exam. Eight, two-tailed t-tests were conducted to determine if the mean score from the flipped classroom was larger than the mean score of the Think-Pair-Share classroom on any of the overall exam scores or the concept-inventory style problems for all four exams. The only result to be found significant (p<0.05) was the average Exam 2 score for the flipped classroom (74.9%) was higher than the Think-Pair-Share mean (63.25%). It should be noted for this case that the pvalue was 0.049 indicating the computed t-value was barely below the critical t-value. Since only one of eight hypothesis tested were found to be significant, this study finds little to no evidence that students instructed using the flipped classroom model perform better than students instructed 
Students' Perceptions of Flipped Classroom
An anonymous survey with 21 multiple-choice questions and one free response section was completed by 19 of the 20 students in the flipped classroom. This section will report some of the results from that survey.
First, 18 of the 19 students reported stopping and replaying parts of the lecture videos. Of those 18 students, 13 of them indicated that they stopped the video because they did not understand the concept and wanted to rehear the explanation. This is one of the commonly cited reasons in favor of the flipped classroom model. Secondly, ten students strongly agreed and eight students agreed with the statement that they "wished more engineering classes used the flipped classroom model." The fact that students liked the flipped classroom model was reinforced by the statements in the free response section. Some of these statements, taken verbatim from the survey, were:
"Flipped class was very helpful. Very useful when it came to reviewing for exams and working on homework. You should definitely do thermo 2 like this."
"The flipped classroom was helpful since I was able to complete notes in my room while coming to ask questions when I needed."
"Having the professor available when doing homework was strongly helpful. It allowed me to ask any little questions or get something clarified. This helped me better understand concepts when working problems on my own."
Perhaps the most interesting response in the survey was that two students strongly agreed and ten students agreed with the statement "I believe I am a more independent learner than I was previously to the flipped thermodynamics class." This study was not constructed to determine if students in the flipped classroom truly became more independent learners. However, if the students' perception is true, then using the flipped classroom model might assist in meeting the ABET requirement that students have the "ability to engage in life-long learning".
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Finally, 10 students strongly agreed and seven students agreed with the statement "I believe I learned more in thermodynamics because of the flipped classroom." The students' belief that they learned more is echoed in several student comments as shown below.
"I loved the flipped classroom. I felt like I had a much broader understanding of thermodynamics due to the flipped classroom format. If I needed to pause a lecture to let my writing catch up, I could, which was very useful."
"I would like my Thermo II class to be a flipped class because I felt that having the flipped class made it easier to get the main points out of each video."
Perhaps the most stunning comment of all was the following:
"PLEASE FLIP EVERY CLASS it works really well. Thermo did not seem as difficult as the rumors led me to believe. I think this is because of the flipped class."
Despite the evidence shown in this paper that the flipped classroom does not improve student learning, the students believed it helped their learning. Furthermore, some students even attributed their success in the class to the flipped classroom model.
Students in the Think-Pair-Share classroom were also asked to fill out an online survey. Unfortunately, only one of the eight students filled out the survey. The problem-based learning classroom had computers in the classroom so the author asked each student in the flipped classroom to fill out the survey during class time. However, no computers were available in the Think-Pair-Share classroom. The author asked the students in the Think-Pair-Share classroom several times to complete the survey and even ended class early one day so that students could take the survey. Unfortunately, only the one student took the survey so, in general, the thoughts of the students in the Think-Pair-Share classroom remain unknown.
Changes to Future Implementations
The author is considering adding so-called "entrance quizzes" when the flipped classroom pedagogy is used in the future. This change is due to discussions with Dr. Brett Batson, a colleague at Trine University, and based on advice received during an ASEE workshop 22 . Although it is not entirely clear to the author if daily quizzes or the flipped teaching style is leading to the perceived improvement in students' learning. However, the answer to that question will probably remain unknown since it is the removal of course content from class time by flipping that has allowed the addition of daily quizzes.
Conclusion
This study finds that male students at a small Midwestern university seemed to enjoy the flipped classroom model and the students believed that the flipped classroom helped them learn more. However, students' performance on the exams was not improved over students instructed using the Think-Pair-Share pedagogy. It is important to note that this study also found no evidence that students taught using the Think-Pair-Share model perform better on exams than students who were taught using the flipped classroom. Therefore, one might hypothesize that the students' academic achievement in a flipped classroom would be better than their performance in a nonactive learning classroom. However, this study had a very small sample size and, therefore, lacks strong statistical power. The author would like to collect additional data on this topic but he has not taught thermodynamics since this study was conducted in the Fall of 2013.
Additionally, since class time is available for other activities it is possible that providing class time activities other than simply working homework problems might lead to more learning. Consequently, a study focusing on the most effective way to use classroom time (e.g., homework problems, quizzes, labs, field trips, etc.) when content coverage is not an issue would be useful for instructors who are currently using the flipped classroom model. Finally, a study focused on objectively assessing if the flipped classroom improves students' ability to learn independently Page 26.376.8
could help determine if the flipped classroom has advantages outside of students' immediate content learning.
